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(54) LAMINATED MAGNETICALLY SOFT MATERIAL AND METHOD OF MAKING SAME 

(71) I, CLAYTON NEWTON WHETSTONE, a citizen of the United States of America, 
residing at 1100 Penn Center Blvd., Apt. 1117, Pittsburgh, Pennsylvania 15235, United States of . 
America, do hereby declare the invention, for which I pray that a patent may be granted to me 
and the method by which it is to be performed, to bs partictilarly described in and by the 
5 foDowing statement:- 5 

This invention relates to laminated magnetically soft materials and more particularly to a 
method for maldng such materials so that the resulting structure has qualities that are particularly 
suited for use in connection with alternating current applications such as transformer cores, 
magnetic recording heads, and shields for electric and magnetic fields. The term *soft magnetic' 
10 when used in this specification means magnetically soft. 10 

High permeability soft magnetic materials are frequently used for transformer cores, and 
magnetic heads or the like. In such cases, the high permeability soft magnetic laminates are held 
together with electrically insulating organic compounds in order to reduce eddy current losses. 

In accordance with known methods of manufacturing high permeability laminates, individual ' 
15 layers of soft magnetic material are first heat treated at around 1000°C in order to impart the 15 
desired qualities of high permeability. The thus heat treated soft magnetic layers are then bonded 
together with the organic insulating compounds by a hand process. The heat treating, however, 
leaves the magnetic layers physically soft so that tliey have a tendency to bend during the bonding 
step; and this bending causes both non-uniformity and deterioration of the magnetic qualities of 
20 both the individual soft magnetic layers and, the resulting structure. 20 

In addition, in order for the laminated product to have acceptable moderate and high-frequency 
performance characteristics, the layers of magnetic material are preferably quite thin. That is, of 
the order of about 0.001". Consequently, the soft magnetic layers axe usually derived from thinly 
rolled stock which has an inherent set or curvature resulting from the rolling operation. When the 
25 magnetic layers are laminated, therefore, they are flattened out and in so doing additional stresses 25 
are created which result in a further deterioration of the uniformity and quality of the su-ucture's 
magnetic properties. Moreover, the bonding process itself causes certain additional stresses; and 
frequently laminated cores are "spongy" as a result of a bubble or bonding defect in the organic 
binder. 

30 During the above described hand bonding step the soft magnetic layers are frequently so 30 
severely bent that the resulting laminate is entirely unsatisfactory for its intended purpose. If such 
bending is detected during fabrication, the individual laminae can be discarded. This is somewhat 
costly; but not as serious as when the bent layer is only detected after fabrication in which event it 
is necessary to discard the entire finished assembly containing the laminated structure. Moreover, 

35 only a relatively small amount of bending is required before a laminated device must be discarded! 35 
This, therefore, results in a very high scrap-loss rate in the industry. 

Because of the above-described difficulties in handling the thin layers of magnetic material, it is 
not practical to use layers that are thinner than about 0.001". This however, puts a severe 
limitation on the frequency ranges with which such structures can perform satisfactorily. 

40 It is frequently desired that two or more recording heads be "matched". In this regard, a pair of 40 
heads migjit weU have high quality performance, but still be unsatisfactory for a given apphcation 
because of certain differences in their performance characteristics. Because of the uniformity of 
the structures fabricated in accordance with the principles of this invention it is relatively simple 
to provide elements that are both matched and admirably suited for high performance 

45 applications. 
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A H . Jnjower costs, more uiufonnity, and lower scrap-loss rates ^ 
mm«H^ ^ 1° P'^r?"' '"mention, there is provided a landnatsd magneticaUy soft material 
SZThVe^ bS?',.°n 'T^K ^ ^^b'^tantiaUy stress-free magnetically soft maTrU e rpai^Jf 
1 n of fhT™, w separated by a contimious layer of an inorganic material having a coefficient 

?siSS of lT°tLn1h^,f ^^^^^ 10 
mametirm^»te^,fj"»tf the invention, an extrusion biDet is fabricated from layers of soft 
msulating «,mpounds). The bilf matetraJJEc^^^^^^^^ 

sSU° tS mat'eS"^^'^ ^^"'^'^^ ^^^"^ ^-P- ^^e desire^^^^^i^et'S^To^^rt.?^^^^^^^^ 
and''d'a^n'&°o"f?eadfi°''^ ^'^"^ ^"^^'^^^^ ^ present AppUcation 

Ap^L^ra^^Taim^'^ th'S '^^^ ^''^^'^^^ ^ ^^^"^^ ' P-nt 

matmSrSaJ^d'^'S f^^^ffri^. comprising a plurality of layers of magneticaUy soft 
ErinTi:SreT^^^^^^ ^C^^"- ^^V- ^ -'niconductor mLial 

blaSS,|?Slu?n oiiftn'^L^'^?*™'^'"^' *° f^""^^<^ '^^ be shaped, such as by a 

the m^^riaf hPt^l*^!^^""^ °^ ^^""^ ''"^"'^"^ ''^ so that a smaU amount of 

mteS Slf ««f r^'l.'. ^J"' ^ P""^"^'^ ^° ^ff"^ into the soft Ta^eUc 

C^?cySiaJteS/'^^"'^°'" ^» ^'^^ " the resulting strucfure's 

layers °of*Si' fJl'^y '"/"'i!? ' ^° ^"^^^^ °^ concentrate electric fields one or more 

whLe adiS?hJ«7Jtw^^^ useful for example, in a multi-track tape head embodLnent 
lA Sis mS rnfoner.""' '"P^^*!'^ ""'^ ''J' ^l^^tric field shielding section. 
feS to^h ""Snetic fields and the conductive layers shield electee 

f el^ aS d ™ts "crS 13^?!'^ 'TT ''^'^ '^^^ ^1^'^' 40 

sectionT ran hpTf,rf» « . , ''"^"^ adjacent head sections. Alternatively, laminated shielding 
S ftorthel use in /orh"^ "fu"^ " °^ appUcations for shields as such, anS qS 
I vX^^SoreLted fL°"f„^^ ^""""""^ transformer-type embodiments, 

the inv^tirfn „ foiegomg sununaiy of this aspect of the method according to 

f* Z t^M^cSlZ'^^^' "f-*^*"^ "U'T^^ ^ high quaUty laminate without thTneed 45 
ti^e ui^fS^ Sd oS n^^r2^'5^ftK^^'^ V' both costly and decidedly detrimenul to 

'^^"^'^^^-^^ '^^'^^'^^ 
^a°t^r£o^KS^rete^^^ — - - — B 

accSd^S^'S^Se'r nJ^ desirable to avoid the coreduction 'step described above. Hence in 
S one « mo« Wri^^'lt" °f ^^"'.^^nH^"' ^^^^'^ of soft magnetic metal are sep^Ste" 
SiSSty of more S about To- o'Ji^;'^' t''^ ^"''1 ^ ^^My resistive layer having a 
55 antimony S phted Z^ Vfo^ IS. . n " ^""i '^^P^'' ' Sroup V element such as arsenic or 

wK^etic met.l tL^ : u ■ ^'°"P "'"^ '"'^h aluminum and placed between layers of 55 
m,f .^f ?^ f h ^ ^""Iting \^mmit is then subjected to heat and pressure to fully react the 

sof^ ™tic°:;:^tKeS^^ T"" =^ ^ semiconductor la^erie?«?eiTe5;frs*? 
soft m SeSc me a1to^be^.ti."l «ganic binders, this embodiment still permits the 

60 k nn^fSr w^^iln K ^'^^i^^ recover its high permeability, even though the permeabiHty 
fe.nlt T^V^r^^ u • y additional reduction in thickness. This embodiment, tSore c2 60 
S,tlSg'th?^S tTrlved ^^^^ permeabmty and good wear characterSS So^ 
ml^v^ihlt fr^J^^ A ^'g*^ frequency response resulting from the very thin soft magnetic 
metal layers that are obtamed usmg the coreduction embodiment m-sneuc 

65 such as SeSLm ^r a'Smnt"'"* ^^"^f^^ ^^^^"^ """^^y ^^^PO^itinB a semiconductor 
sucn as selemum. or a simple msulator such as siUcon monoxide, onto the layeil of soft magnetic 65 



35 



40 



45 



50 



15 



20 



25 



30 



35 



3 



1,440,968 



3 



50 



metal prior to their being stacked into a laminate. The structure is then merely heated under 
pressure to obtain bonding of the laminate which displays both high permeability and good wear 
characteristics. 

Both of the immediately preceding embodiments include the step of plating or otherwise 
5 depositing onto either the soft magnetic metal or a separate metal foil, elements that combine to 5 
form a continuous layer with a resistivity greater than about 10"^ ohm-cm. In accordance with 
other principles of the invention, even those steps can be eliminated where layers of glass are 
substituted for the layers of insulative compounding material separating the layers of soft magnetic 
rnetal. It is merely necessary that the glass layers have a coefficient of thermal expansion that is 
10 similar to that of the soft magnetic material 10 prevent thermal stresses from lowering the \q 
permeability on cooling from the annealing temperature of the ^ass. When this method is used, 
not only can coreduction be eliminated, but no costly vapor-deposition or electro-deposition steps 
are required; and, if increased wear is the main desired feature of the structure, it is not even 
necessary to heat the resulting laminate to the annealing temperature of the soft magnetic metal, 
15 because adequate bonding can be obtained between the glass and the soft magnetic metal by 15 
merely heating the laminate above the softening point of the glass. 

Gaseous elements can also be included within the lamiate. For example, if it is desired to 
further improve the hardness of the insulating layer, the entire method can be carried out in one of 
the manners described above and then gas is diffused into the high resistance layer by heating the 
20 laminate in a gas rich atmosphere. In fact, the resulting structure can even be ground and polished 20 
before the gas diffusion step. 

The foregoing and other features and advantages of this invention will be apparent from the 
more particular description of preferred embodiments thereof as illustrated in the accompanying 
drawings wherein the same reference numerals refer to the same elements throughout the various 
25 views. 25 
In the drawings: 

Figure ] is a schematic of the cross section of a laminated billet prior to coreduction. 
Figure 2 is an enlarged fragmentary view of Figure 1 taken along lines 2-2 thereof; 
Figure 3 is a schematic of an alternate embodiment of the structure illustrated in Figure 2; 
30 Figure 4 is a photomicrograph of structure similar to that of Figure 2 after it has been 30 
coreduced. 

Figure 5 is a photomicrograph of the Figure 4 stmcture after it has been heat treated; 
Figure 6 is a schematic cross-sectional view of a shielding laminate fabricated in accordance 
with principles of the invention; 
35 Figure 7 is a schematic cross-sectional view of a composite structure comprised of both a Figure 35 
2 or 3-type laminate and a Figure 6-type laminate ; 

Figure 8 is an exploded schematic view illustrating the fabrication of one of the embodiments 
of the invention; and 

Figure 9 is a fragmentary sectional view taken along lines 9-9 in Figure 8. 
40 A first aspect of the invention is illustrated in Figure 2 wherein layers of soft magnetic material 40 
10 are separated by layers 12 of a suitable ijisulative compounding material which, when heated 
reacts with the soft magnetic material to form an electrically insulating compound of elements 
that are covalently bonded in stoichiometric proportions otherwise referred to as an electrically 
insulating intermetallic compound. A desired number of these various layers 10 and 12 are made 
45 into a sandwich 14 and placed in an etch resistant casing 16 as illustrated in Figure 1. 45 
The casing 16 and its enclosed sandwich 14 are then placed in an extrusion can 18 and a filler 
material 20 having mechanical properties similar to that of the magnetic material is placed between 
the sides of the can 18 and the casing 16. End caps (not shown) are then welded onto the can to 
close its ends; and, in this regard, one of the caps includes an evacuation tube so that the can can 
be evacuated after the end caps are welded in place. Once the can is thusly evacuated the tube is : 50 
"pinched-off ' and welded closed to retain a vacuum inside can 18. 

The resulting structure 22 of Figure 1 is then suitably heated and extruded through a 
laminar.flow die so that the layers 10 and 12 are coreduced and diffusion bonded. 

After extrusion the can 18 and filler sections 20 are removed from the biUet such as by etching 
55 while the etch resistant casing 16 protects the coreduced sandwich 14. 55 
Figure 4 is a photomicrograph of the laminated portion of an actually extruded billet to be 
described in more detail shortly. Briefly, however, Figure 4 is a 1350X magnification of an 
extruded laminate comprised of layers of soft magnetic material 24 that have been coreduced with 
intervening layers 26 of a material with which the magnetic layers 24 will form intermetallic 
60 compounds during a heat treating step to be described shortly. It should be noted, however, that 60 
the layers 24 and 26 are diffusion bonded as indicated by the dark hnes 28. 

Preferably, the Figure 4 laminate is next shaped into its ultimate product form. For example, 
toroidal cores having square cross-sections are macliined or blanked out of the extruded flat stock. 
The shaped pieces are then deburred and etched to remove metal which might be smeared across 
65 the edges of the laminations. 55 
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The extruded stock or shaped elements, as the case may be. are next heat treated in a Knerallv 
convendonal mariner to anneal the magnetic materiJ ar^d impart to h £e 
permeabibty and low coercive force quaUties. Heat treatment of magnetic mateS to improve £ 
Sf hf f^^ d.scui«ed ui the literature. Hence, it v«U not be iscussed in deSuTreL K 
5 should be caiefuUy noted however, that duiing the heat treating step in this invention ihe « 
diffusion couple illustrated by the lines 28 in Figure 4 give rise to the fom^tiorof^temeta^^^^ ^ 
compounds such as those within bracket 30 in Figure 5. In this regard, the maSc mS 24 ^ 
Figure 4 is annealed to form tfie large grained bands 32 in Figurf Sj^nd the Tyers S 4 
iiti Sl^fp""*".^"^ "l"^' ^'"'^'''^ ^^y"' 30 in Figure S.The remaSg layers S at 
^° ™;t.ri,i^JAh"'- ^ ^'^ thir'i intermetkc compounds of thi »ft m^Sc in 

matenal and the msulatmg compounding material « » raagneuc lo 

mj^H^if f!r'^°^^l °^ ^ P""^'"" °^ *^ invention that the layers between the maenetic 

™H onf"" r''J^*r^ mtermetallic compounds wherein elements" unite in defurite^Sc 
proportions similar to true chemical compounds, but do not follow simple vaSnce nJes Ir. Ih^^ 
,5 '^°""«<=t'°n^.^P'BferredthatthelaminaUsl2inFigure2bec^^^^ „ 

hafnium, or va^^E The seSon 

tiie F Le 3 emSLnt^i" " 'a^^"^"^ ^^^^^ " ™" ^°rtly in connection with 

2n 10 and^2 are^k^trf ♦^n?^/^^f P^"'^^"^ ^^'^ ™t""Is in the sandwich, the layers 
^° the heat treSng ste^^^ ^""'^ """^ ^^^^^^ °^ '"^ ^''"'^^'"S intermetallic compound d,4g 20 

soo?fo™abm^ hS^i^^TK^^ ""^^^ n P"^'"''™'^ l'^""^^ °f their high melting point and 
KeenTeiSdv^r.S?^^ '''"'"''. "^'^ "^^^ ^"^^^6 mtermetillic compounds both 
nn^^ Lfl^^r ^ the adjacent layers of soft magnetic materi^ 

?ot iStin^tter^S"^' """^^^'^^^^ r° ca^^um afe also suitabk Se S"too 25 

In thk "^^'^ ^ '^™'her. Certain rare earths are also 

^ SoviS to ComSA '^.".r"^ intermetaUic compounds within binary systems 

McgSS BoSrCo rv ^Q^.r'^/'^J'^ hy H^^-^- 2nd Edition. pubUshed by 
RodMv PFllTnt M r*' uu ^^^K^""^' ^"^itution of Binary Alloys, First supplement; by 
Sri.? in I n * ^'^^^^"-^ Book Co., .N.Y.. 1965. Of course intermetaUic compoundTare aS ,n 
Ss^irt fn^l. '^ and quaternary alloys. But such formations are complex and Tu not te 
SiT ejected S V'"."^'' '^^^Srams provide strongW-LraJto whTt 

^r.,^L^^F A .u ■ complex aUoys; and refer to a discussion of intermetallic 

35 T Fit^ 3 hL'°P'"^" " /«ermer.///c Compounds, J. K. Westbrook. Wiley & SoTs n1?^ 

' laym4^TeicTd heJ^^^^^^^ 35 
t between the layers of a refractory metal 12 and the Iwers of maenetic 

"HtVr80%'''?trt!S!^f of the invention the soft magnetic material 10 was comprised of 
thirl- in''tJ?c '^ embodiment's layers 12 were of commercial grade zirconium about OOOOT' 

nrefer^PH ri^of ^ '"u ^am of structures having thickness ratios within tiie 

Ldude a re^tiveK thi;.k'l=.?'"f ^""^ ^ *e annealed producrteTds to 55 

SidS^r-~ 

rrrn^oC^s^spS^^^^^^^ 

whJ^lf J™ J ^" 800/zirconium sandwich 14 was surrounded by a layer of titanium 60 

S5btlS^f.^^l rn?,",f ^""'^'^^ ^^"^^^^h and barrier were tiien plaad taTl^ 

tetw«n1te ™ Jlf.^ 1 '^'^ '"^tal 20 was employed because of the similarity 

S f « ™«tal"*B»cal characteristics and those of the Hy Mu 800 Another examnle of a 

65 S£\rtorn?Hr;:,"'/nr^?P"-'^'^^ because itUh^meta^SSItLri^^ 

65 amilar to those of Hy Mu 800. Of course, other types of filler metals might bTused whcreS!^ 65 
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the **softeniiig point" and below that the "annealing point". The "strain point" or "setpoint" of 

the glass is at a stiD lower temperature. Below the strain point, glass can no longer compensate for 

strain so that stresses can be introduced into the glass. Such stresses can be removed, however, by 

heating the glass to its aimealing temperature. No stresses can be introduced above the strain point. 
5 Hence, the temperature range over which the coefficients of expansion between the soft magnetic 5 

material and the glass must be compatible, extends from the strain point of a given glass to room 

temperature (or the temperature at which the resulting structure is to be operated). 

In one embodiment of this aspect of the invention the soft magnetic metal was Hy Mu 800; and 

the glass was that identified in the Kirk-Othmer Encyclopedia of Chemical Technology (2nd 
10 Edition, 1965) as "Corning 1990". This particular glass had a softening point of 506°C; an \Q 

annealing point of STO^'C; a strain point of 340*'C: and was comprised of 41% silicon dioxide, 40% 

lead oxide, 12% potassium oxide, 5% sodium oxide, and 2% lithium oxide. 

With reference to Figure 8, layers of fretted sheets 60 are alternated with layers of glass 62. In 

this regard, the freeted sheets are conventional sheets of soft magnetic material having elements 64 
15 photoetched therein. The illustrated elements 64 are tape head sections; and the glass is comprised 15 

of sheets of powdered glass formed into a tape-like structure by a volatilizable organic binder such 

as that described in UJS. patent 3,371,001. 

The soft magnetic frets are about 0.001 inches thick. After they are cleaned they are located by 

holes 66 over locating pins 68 extending upwardly from a platen 70. The alternate layers of glass 
20 are about 0.0002 inch thick to form a laminate sudi as that shown in Figure 9 wherein the layers 20 

60 correspond to layers 10 in Figure 2 and the layers 62 correspond to layers 12 in Figure 2. 

The platen assembly is then placed in a fumace and heated in an oxygen containing 
atmosphere. The organic binder volatilizes without leaving an undesirable residue. The glass is then 
heated sufficiently that it bonds the layers of soft magnetic metal. That is, the glass is heated to at 
25 least its softening point which, in this case, is 500**C. 25 

A weight 72 is then located by means of holes 74 on pins 68 above both the bonded laminate 

61 and thickness-control blocks 76. The entire structure is then placed in an evacuated retort or 
other oxygen-free encapsulation to prevent oxidation during a subsequent heating step to armeal 
the soft magnetic metal (about 600 C to 1200°C in the case of Hy Mu 800). In this manner, the 

30 weight 72 compresses the laminate to its desired thickness as determined by the height of the 39 
gauge blocks 76 and the soft magnetic metal is fully aimealed so that its fabrication stresses are 
removed. 

The armealed laminate is then subjected to a conventional cooling cycle for the particular soft 
ma^etic metal that is employed. For Hy Mu 800, for example, a cooling rate of about 
35 195°-280*'C per hour is employed from the metal's annealing temperature, through its Curie 35 
temperature (about 460°C for Hy Mu 800), to a temperature somewhat below the Curie 
temperature (370*C in this case). In order to prevent stresses that can occur from thermal 
gradients, the laminate was cooled from 370**C to 40°C at 100°C/hr and then removed from the 
fumace. 

40 Finally, the fiiUy aimealed laminate is cust into desired shapes, ground, and polished in a 40 
conventional manner. 

The permeabilities of laminates constructed in the manner just described were excellent; and 
compared with commericial organically bonded laminates having soft magnetic metal layers of the 
same thickness (0.001 in.) are as follows: 



45 . • 45 



Gauss Frequency Permeability of Structure Permeability of Conunercial 

(Hertz) of Invention Structure 

50 40 1,000 13,000 11,000 50 

40 50,000 8,800 7^200 

2,000 1,000 35,000 35,000 

2,000 50,000 10,000 9,400 



55 55 



Hence, it is apparent that the method of the invention results in a generally improved 
permeability; and, in addition, results in a stmcture having vastly superior wear characteristics; a 
lower scrap loss rate; and more uniformity. Perhaps most significantly, however, because 
commerical laminates having organic binders cannot be annealed after fabrication, they cannot be 
60 satisfactorily laminated with ultra thin foils of soft magnetic metal. 0.001 inch foils are presently a 60 
practical minimum. With the instant invention, on the other hand, beginning foils can be an order 
of magnitude thinner because the resulting fabrication stresses can be removed during the 
annealing step after basic fabrication. When these ultra thin foils are employed with the method of 
the invention, the resulting laminate's high frequency response characteristics increase by a factor 
65 that is roughly inversely proportional to the thickness. 65 
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As noted above coreduction can be eliminated by using some other higUy resistive material 
instead of materials that react to form intermetallic compounds. In this respect, in one 
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were substantially the same as those just described except that the copper was replaced by nickel 

and the results were about the same. i-r f luw^ci 

Another embodiment of the invention is schematically iUustrated in connection with the shield 
structure of Figure 6. Therein a shield sandwich 14S is comprised of layers of copper 46 that were 
5 relatively thick as compared with intermediate layers 44 in the Figure 3 embodiment. These layers 
46 were placed between adjacent layers 48 of tiUnium and soft magnetic material 10 In this 
nfnn4 • u '^^,^°PP" ^nd magnetic material layers were 0.007 inches thick and the titanium was 
O.0007 mches thick The embooiment was otherwise fabricated in the same manner described 
,u Vi^ the titanium layers 48 formed insulative intermetaUic compounds 

10 with both the soft magnetic material 10 and the thick cooper layers 46. These intermetaUic 
compounds were amUar to layers 36, 38, and 40 in Figure 5;"and the resulting copper layers were 
sufficiently thick to act as an efectric field shield. Hence, after the biUet was coreduced and 
blanked the copper layers 46 served as elecuic field shields and the magnetic layers 10 
(corresponding to layers 32 in Figure 5) served as maenetic field shields. 

*u- f^T^- ''^^^^ ^^^l conductive layer 46 is used as an electrical field shield it must not be so 15 
ftin that It IS aU reacted during the annelaing step. In fact it should be at least three times as thick 
as the layers 48 of msulative compounding material; and it is preferred that the layers 46 be 
sufficiently thick that there be about the same thickness remaining after, the intermetallic 
,n ^^"^F^ f reaction as there is remaining in the layers of soft magnetic material. But insofar as 
20 shield performanre ic concerned, and commensurate with space UmitaUons, the highly conductive 20 
ayer can be much thicker if desired. In some shielding applications it is not necessary to insulate 

omitted ' ^^y"' " """^ '^y" ™y ^ 

One application of the above described shielding embodiment is to simultaneously form such a 
structure m combination with the transformer-type structure of Figures 2 and 3. That is as 
iUustrated m Figure 7 the extrusion billet is comprised of a first sandwich of layers 14 such as 
those iUustrated m Figure 2 and a second sandwich 14S of shielding layers such as those iUustrated 
in higure 6 After coreduction and shaping the transformer-type sections resulting from 
sandwiches 14 are connected into a driving or receiving magnetic circuit M, but the sWelding 

^rS' '^}^^ ^^'^'"'^^ ^ i"^"' the shielding sections shield thf 

Uansformer-type sections from each other so that the composite structure of Figure 7 is admirably 
suited tor use in mult-track recording heads or transducen wherein each of the transformer-type 
sections serves its own track and its adjacent shield section prevents it from receiving "cross tilk" 

cHiu^ ?i ^" ^^"^ ^^g^d' it should be appreciated by those 

35 skiUed in the art that the circuit M is intended to be broadly Ulustrative. For example, the dotted 35 
lines do not mdicate that the sections 14 are connected together and the magnetic circuit M can be 
regarded as representing also the electric circuit portions of a transducer 

It wiU be apparent that the above described method is far more satisfactory than conventional 
techniques; and, because hand bonding is not required the scrap-loss rate is relatively negUgible Of 
course, tiie mcrease m frequency response in structures made in accordance with this aspect of the 40 
invention is dramatic. Moreover, because of the uniformity between the variouf elements 
tabncated from a given piece of extruded flat stock, aU of the elements fabricated from the piece 
are matched . Hence, the expense and difficulty of obtaining matched elements has been 
ehrninated. Also, because the intermetallic compounds are quite hard the resulting laminate is 
SicatTons^^ " " ^ significant advantage-particularly in magnetic recording head 45 

While this aspect of the invention has been particularly shown and described with reference to 
preferred embodiments thereof, it wiU be understood bv those skiUed in the art that various 
changes m form and detail may be made therein without departing from the spirit and scone of the 
3U mvention. For example, layers of additional materials can be used between the layers of soft 50 
ma^etic material; and although an initial diffusion bonding step has been described in connection 
with an extrusion ^e, sunilar bonding can be obtained by roUing or pressing. In addition the 
msulative compoundmg materials can include gaseous elements; and they can be elecUoplated 
vapor deposited, or otherwise placed on the soft magnetic material instead of being placed in the' 
sandwich by hand Also, other techniques can be used to separate the coreduced layers from the 55 
extrusion can; and addibonal layers can be added to the biUet sandwich. Sunilarly. although 
dimensions of the andwich elements have been specified above they are not as significant as their 
ratios. The fmal thicknesses of the various layers are more important to frequency response and 
these can be controUed by the amount of coreduction to give magnetic layers as thin as 00001 
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n mn7 K ^^^f^f i'*'"- '^"posited to a thickness of about 0.0005 inch on an aluminum foU 
65 7"H„ M " Bo^t^ • ^ If™""**^ to that of Figure 2 was then formed of a soft magnetic metal 

{ Hy Mu 800 ) and the arsenic coated foil. Next, the stack was subjected to pressure and heated :65 
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to the annealing temperature of the soft magnetic metal. As this occurred the arsenic and 
aluminum reacted to form a semiconductor or an essentially electrically insulating layer between 
each layer of soft magnetic metal. The resulting laminate was then ground and polished before 
testing, 

5 In another aluminum foil embodiment, a 0.00063" layer of antimony was deposited on 5 
0.0007" aluminum foil which was then laminated with soft magnetic metal. This laminate was 
then heated to the annealing temperature of the soft magnetic metal. As this occuned, diffusion 
bonding took place between the antimony and the soft magnetic metal; and the aluminum reacted 
with the antimony to form a semiconductor or an essentially electrically insulating layer The 

10 diffusion bonded portion was probably not insulative in nature, but the resulting semiconductor IQ 
layer was sufficiently electricaUy insulative that the resulting laminate had excellent overall 
properties for use in magnetic heads, for example. In this and the preceding embodiment the 
semiconducior comprises a group V element reacted with a group III element. 

Inasmuch as the layers of soft magneUc metal (about 0.001" thick) were not further reduced in 

1 5 thickness, the resulting structure's high frequency response was not increased as dramatically as in 15 
the coreduced embodiment described above. There was some increase in the high frequency 
response characteristics with respect to conventional laminates of similar thickness, however, 
because the soft magnetic metal was annealed after lamination to remove the fabrication stresses 
which would not have been removed during construction of a conventional laminate. In addition, 

20 the scrap-loss rate in the conventional laminate is much larger; the laminates according to this 20 
aspect of the invention are much more uniform; and the laminate of the invention has vastly 
greater resistance to wear because of the hardness of the highly resistive layers. 

In other embodiments of this aspect of the invention the highly resistive materials as such are 
deposited directly onto the soft magnetic metal layers so that there is no need to react two layers 

25 to form a highly resistive layer. Selenium, for example, is vapor deposited on a soft magnetic metal 25 
and stacked to form a laminate in the manner described above in order to obtain a laminate having 
characteristics similar to those described for the arsenic-aluminum embodiment, Silicon monoxide 
is also used to obtain similar results. In fact, if high frequency response characteristics are not of 
sufficient importance to the particular product in which the laminate is placed, it is not even 

30 necessary to heat the composite laminate to the annealing temperature of the soft magnetic metal. 30 
It is only necessary to heat the structure to provide adequate bonding to obtain the desired high 
wear resistance that is afforded by the hardness of the* semiconductor or other highly resistive 
layer. 

Additional semiconductors or other highly resistive combinations of elements can also be used. 

35 For example, the layer between the soft magnetic metal in Figure 2 can be comprised of selenium 35 
deposited on lead, tin, or hafnium. Other examples are cadmium sulfide, lead sulfide, cadmium 
oxide, zinc sulfide, zinc oxide, nickel oxide, germanium sulfide, tin sulfide; and other compounds 
having simDar energy gaps such as those set forth in the Handbook of Chemistry and Physics 
published by the Chemical Rubber Company. Cleveland, Ohio. In the 1972-1973 Edition (53rd) 

40 such semiconductor elements are listed at pages E-89 through E-92. 40 
The semiconductor embodiments require some type of deposition such as plating, vapor 
depositing, or the like. The aspect of the invention about to be described, however, even eliminates 
such deposition steps. In this regard, it has previously been sugeested that layers of similar 
materials be sintered or otherwise bonded together to form magnetic laminates. UJS. patent 

45 3,478,340 to Schwartz describes such a method. In those cases, however, extremely highly 45 
resistive ceramic type powdered ferrites are bonded with powdered ceramics per se to form high 
coercivity laminates having wide hysteresis loops. That is, Schwartz uses ferrites having resistivities 
in the range 10 to 10^ ^ ohm-cm as compared with 10"^ or so ohm-cm for the soft magnetic 
metals of the instant invention. 

50 One of the features of the instant invention, has been to permit bonding dissimilar materials 50 
such as low-resistivity, soft magnetic metal having low coercivity and narrow hysteresis loops with 
relatively electrically insulative material in a manner so that the soft magnetic metal layers can be 
annealed after fabrication without destroying the bond therebetween. Previously soft magnetic 
metal layers were bonded by organic binders such as epoxy which, even at moderately elevated 

55 temperatures, breakdown causing the laminate to come apart. 55 
Provided certain requirements are met, it has been found that the above feature can even be 
obtained by laminating glass with soft magnetic metal and heating them to form a bond 
therebetween. BasicaUy, it is merely necessary to ensure that, after annealing, the soft magnetic 
metal maintains its high permeability and the layers remain adequately bonded. Hence, the glass 

oO and the soft magnetic metal are selected so that their coefficients of thermal expansion are similar 60 
throughout the temperature range from the strain point of the glass to the temperature at which 
the resulting structure is to be used. 

In the above regard, glass has virtually no crystal structure, but it nevertheless has several 
significant temperature points that are defmed by using the viscositv of tiie glass as a reference. 

03 Fluid glass is said to be above its "working temperature". Somewhat below this in temperature is 65 
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^^.f njagnetic metals are employed; and in this respect it should be noted that any soft 
magneUc material may be used. Other examples of suitable ^ft maoietic materials can be fold il 
Fenomagnemn, by Richard M. Bozorth, published by Van Nostrand New Ywk 195^ ■ and mIm^ 
Handbook oy Metals Handbook Committee of ASM.iublished by SS"9lr 
5 , After the assembly 22 was evacuated it was heated to VOCC and exlAided throuS a 
ammar flow die where the layers were coreduced and diffusion bonded. The extn,S>d bSe^was 
^^il^rl'^''* ' "'^'^S *° *e low carbon steel ^d filer 

K f v^u^Jlf 'l^^^' slectected because it is not attacked by the ferric cWoSde 

so that both the titanium and the sandwich were left intact. Hence, the result of tte e^S stto 
,0 was a rectangular array hamg the cross-section of that depicted in the Figure 4 iotoSeS 
The sandwich was then further reduced by rolling to 0 020 inch pnoiomicrograph. 
,n/?K»"!^' "T^ ^'^}^ square cross-section were then machined out of the extruded flat stock- 
^1 tLt i f ^««/ebuned and etched in hydrofluoric acid-nitric acid solSion trremove 
meUl that had smeared across the edges of the lamination 

thev ^maTedt *tt'h«i- ' "7'' ^'^^ ^^'J''^ ^'^ P«"«i"«d to cool wliile 

S ^t^dic^W ^hv"'ri- '""''''^ ^ "'^Snetic layers 32 being in their fully 
S in Fl,rf WHi^n J .^'"^ '"'^ "'^"'"^1 twins" (widebands in the 

Sffn^on^h^ti; W ^"i^^y illustrated in the 1350X Figure 5 photomicrograph the 
interdiffusion between the layers of zirconium and Hy Mu 800 resulted in the forination of 

"hSfSU'l^LTS^iTr^^^ nughtr^S'diSeffrS;'^ Ni-J 20 

inwL^ if layer 40 in Figure 5 howewr. is probably the first electrically insulative 

Sj^STu 800.' ^^""""^ °^ ^'""^"^ '^^ '^^^ ^'^o^^^^. highly resitSr^^S^I^ 

25 from hTat'tieatmenf tlX.t "^^^ '^'^^^^'^ ^^ere withheld 

:• "^^tme"t. Both these and the annealed toroids were then wound into a Uansformer 7S 

te£fn!f«°? compared with a similar structure made in accorda^^St c^S 
?n^3rff ''I""^' " known alternating current was applied at given fiequenderto Sie 

l^mJL^A ii'^lT"'- r^*^^'^ ^'""^ the second^s of the trSoVmers 

K» ^- "'^"Tt ^i^,"" high impedance voltmeter (10 megohms). Particularly at high frequenciw to 

ot the invention was mudi higher for the same drive current than the EMF developed across the 
eSS''shrtJ"naS'& ^^-f^^- ^^-g the annealed toro£"We l^^^^ftS 
^^^imc^^u^^TuJ'^'^''^'^^' '""1*^6 *he increased capacitive effect of the 

35 tteSeJr "^'^'^"^ ^lyers which were thus proven to have been obtained during the heat 

sevJIrnrnflflff""^^^' t^5^°™"s comprised of the invention's annealed structure were 
sSi^ of the Tnl^?**' ^T' l^"" conventionaUy structured transformers. That is, tl^^ 
stmcture of the mvention had a better response at a frequency of 10 megahertz than the 
conventional transformer type core exhibited at 60 kilohem. Moreover KmrtureTf S 

^ J^riJw^J "'^'^^'^'y °f '"P°^^« *hile the convLtloLS slSi^d i^- 40 

former s was down by a factor of five when its input frequency reached 10 kilohertz. ^ 

Ui two other inore particular embodiments of the invention the sandvwch 14 was structured in 
accordance with Figure 3. In one. 0.007" thick layers 10 of Hy Cm werr^pSd bv a 

A. wJ'.T °^ ' ^hick layer of titanium (12 in Ffgu^e"?SeS adiaSn? 

utanium. t-opper was selected because it was not known to have any harmful effects uoon the 

S ibsmuldl^tlf Ht^nf '^'r ^ other embodiment cadnSu.n 

«m,. « ti^t L n^S ^ayer 12. The remainder of the method of fabrication was the 

50 mie as that descnbed above; and the test results were equally satisfactory Hence itT not 50 

iffuMonTf ,°nt.2.^V ^ ""^^^ structure's frequency response improves when there ii 
exterSU S J fff ^^'"^ '"fi' 'he mganetic metal. After a point, of 

i»^"^r°"^^^^^^ 55 
"^uifb/ss?sr.r^^^^^^^^^^ 

th^?!fe iSi.^Ilf P^T^^'^^*^' ^^y" 0/ copper 44 in Figure 3 should not be much, if any. thicker 
than the layer of msulaUve compounding material. In fact, for transformer-type aBDUcatior^ itis 

S2^?1hl nn^^n '^^^^-'^ '^".^^ ^'^'^S Step to form intermetallic compounds k 
place of the ongmal uiteimediate layer. This is not to say that the resultine transformer-tvre 

bltTsteXtrJtf ^"T'""^ intermediate metal SdrcSren lo^s^s 

d^Lfmteri'.. L^-^^ °^ a layer increases; and the advantages of the intermediate layer are 
dissipated as its thickness approaches that of the soft magnetic material. StiU other emboiUmenU 65 
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Since presently commercially available organic laminates do not have such thin soft magnetic 
metal layers, comparative data cannot be provided. It should be abundantly clear, however, that 
the method of the invention provides not only moderately increased permeability and greatly 
increased wear for laminates having standard thicknesses of soft magnetic material, but the high 
^ frequency permeability increases dramatically as the thickness of the soft magnetic material is 5 
decreased in the manner permitted by the method of the instant invention. 

Other glasses can be combined with ofther soft magnetic metals to achieve results similar to 
those described above so long as the metal and the glass have generally similar coefficients of 
thermal expansion. In the above example, for instance, the coefficients of expansion for both the 

JO 1990 glass and the Hy Mu 800 were virtually the same between the room temperature and the |0 
strain point (sometimes called set point) of the glass. In this respect, the mean thermal expansion 
coefficient from 25 C thru 300*^0 for the 1990 glass was about 137 x lO""' inches per inch per **C; 
while that of the Hy Mu 800 was about 136 x 10''' inches per inch per degree C. the change in 
length per unit length of the glass between 25''C and its strain point (340 C) was 433 x lO'^ 

15 while for the Hy Mu 800 over this temperature range it was 430 x 10"^; and the maximum 15 
difference between the two was about 90 x 10"^ inches per inch occurring at about 200*^0. In this 
regard, it presently appears that although expansion differences greater than 500 pans per million 
can be tolerated under some conditions; differences of 100 pans per million cause relatively little 
trouble. Hence, for purposes of this invention thermal expansion coefficients can be considered as 

20 Dsing substantiaUy the same even if expansion differences between room temperature and the 20 
strain point are 500 parts per million. 

Many, many other combinations of glasses and soft magnetic metals are equally satisfactory. 
For example, Hy Mu 800 can be used with Corning 01 10 or 9776. 

The composition of OliO is 50% SiO^; 19 1/2% KjO; 6%Na.O; 10%BaO; 5 1/2% AljOg; 

25 7.2% CaO; and 1 .8% F. The composition of 9776 is 88% PbO and 12% Bj O3 . When using some of 25 
the very low softening point glasses, however, it may not be desirable to subsequently heat the 
laminate to the annealing point of the soft magnetic layers in order to prevent the glass from 
possible deterioration. Similarly, Corning glass 6810 can be laminated with a soft magnetic metal 
containing 42% nickel and 58% iron. The glass in this example has a composition of: 56% silicon 

30 dioxide; 10% aluminium oxide; 1% boron tiioxide; 7% sodium oxide; 1% potassium oxide; 4% 30 
calcium oxide; and 3% lead oxide; and has a mean thermal coefficient of expansion of 69 x 10'^ 
inches per inch per degree C from 0°C through 300"C. The mean thermal* coefficient of expansion 
for the soft magnetic metal, is also about 69 x 10"'' inches per inch per degree C from 25°C 
through 450'' C. 

35 Another suitable laminate is comprised of Corning glass 8871 and a soft magnetic metal alloy 35 
comprised of 50.5% nickel and 49.5% iron. The glass composition is 42% silicon dioxide; 1% 
lithium oxide; 2% sodium oxide; 6% potassium oxide; and 49% lead oxide. The mean coefficient 
of thermal expansion of the glass from 0°C through 300°C is 102 x 10"' inches per inch per 
degree C; and the mean coefficient of thermal expansion over the same temperature range for the 

40 alloy is 101 X 10*'' inches per inch per degree C. 40 
A further listing of thermal coefficients of expansion appears in the above noted Bozorth 
publication at page 643 et seg. Further listings apt)ear in Cartech Alloys for Electronic Magnetic, 
and Electrical Applications, Carpenter Technology Corp., Reading (1965); and the coefficients of 
expansion of still further alloys can be obtained from industrial publications such as the Allegheny 

45 Ludlum Blue Sheet Series , Allegheny Ludlum Steel Corporation, Pittsburgh. 45 
Similarly, coefficients of thermal expansion for various other t>'pes of glasses can be obtained 
from the Kirk-Othmer Encyclopedia of Chemical Technology, 2nd Edition, 1965, at page 533 et 
seq. and particularly page 573. See also the Handbook of Glass Manufacture , Ogden Publishing 
Company, New York, 1961; or the standard caulogs of glass manufacturers such as the Coming 

50 Glass Works, Coming, New York; or, Owens-Illinois Glass, Toledo, or the Schott catalog of the 50 
Jena Glass Works. 

Reference to the above noted works indicates that the coefficients of thermal expansion for 
many magnetic alloys range from about 12 x 10''^ inches per inch per degree C to about 150 x 
10^ inches per inch per degree C. Glasses, on the other hand, run from pure quartz (silicon 

55 dioxide) having a mean thermal coefficient of expansion of about 5.5 x 10"'' inches per inch per 55 
degree C through boron trioxide (B2O3) having a-mean coefficient of thermal expansion of about 
150 x 10' inches per inch per degree C all the way up to sulphur based glasses having coefficients 
of thermal expansion as hi^ as 800 x 10"'' inches per inch per degree C. Hence, a host of various 
glasses can be combined with standard magnetic alloys in the practice of the instant invention. 

60 Moreover, various alloying elements can be added to ^ven standard alloys to adjust their thermal 60 
coefficients of expansion upwardly or downwardly at various temperatures or through various 
temperatures ranges; and, various modifiers can be added to given glasses in order to adjust their 
thermal expansion coefficients. See, for QX3mpk, Kirk-Othmer at pages 538 and 580 et seq. 
It should be noted that the above described semi-conductor or other high-resistanoe-layer 

65 embodiments can also employ the tape aspect similar to that described above in connection with 65 
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thprpfnrp th,. J 1 piicni i,zyi,uu. WfteD heated in the manner described above 

SnMv r^;-^ ? ^ ^V""" ^ol«»2es; and the selenium reacts with the metal to form the dS' 

S,?r *^ ' ^ molybdenum or hafnium can be reacted with anomnetil such as 

layerfry othrmeThods "'"'''"^ '^'^ incorporated into?he insulatmg 

on one "of ?hf^nn.^?rt°.'^''"K''^ "i^^' ?'P^'* °^ invention, the entire method is carried out in 
-° W^ed nnn^^H o above for fabricating a laminate. The laminate is first assei^bled 

blanked, annealed, ground, and polished. It is then heated in a hydrogen-rich atmosoherT^ that' 
m hSrofniV?"''H ^.""'^^S layers to form metal hydrides wS Se S?der th^^e 

SSlroneSrfoThel^^^^ ^^'^l' the'annealing imparts the opSLum 

Sn°b' found^fn M^r^ u /°I^ "li'^fHf "'i*"^^- '^^y «^P'" s""able such metal hydrides 
25 can b„ found m Metal Hydrides by Muller, BlacWedge and Libowitz. Academic Press, New York, 

bsn^JfidalSt^'^Ovl!^?', f ^T*^ ""^^^ ''^ '^^"'bined therewith to obtain 

SaJK -"^^^^ 

T'LT^?'^\''T'^''^-^"^'^' inost importantly, however, the iliSt^on SoS a so^^ 
SSc^^rfo^thTso^^mTg^^^^m^S ^^^^"^^^ ^ the=tSiLt 
m.iS?^/^" mtermeiallic compound embodiment has special advantages the other embodi- 
SS^ HeLe it'.ZIfi;'^""^""^ elass embodim^t require valour deposition or the 

T^n'„?,tt. ' ! u"'*^ apparent that the glass embodiment I weU adapted for the smaU 

40 1 



45 



50 4 
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crpl; A '^ated magnetically soft material, comprising a plurality of layers of substantiallv 
Elf genetically soft material, each pair of ad^cent layers being sepSate^ by a con touous ^ 
S ml^«!J!^i*'°'f*'""'™\^'T^ " of thermal expansion substantiaUy^Tme S 

^z^S^^A"^""^^ and having a resistivity of more than about lO"* olmi m LS 
fieat-bonded to the adjacent layers of the magneticallv soft material 

inlLetlKmpound.'^' '° '^"^ ' the -inorganic material is an electrically insulating 45 

betiei ^V^"^ - ^''^ intermetallic compound is a compound formed 

6 ^ ! r '^"^ ° ' ^' ^^"'^^ intermediate layers are copper. 
6. A hmuiate according to claim 4, wherein the intermediate layers are nickel 

lavers of il"^ ^% '^"^"^ f ' ^ " ^' "^'^^al layer between the adjacent ,s 

refractoi- metaT^ ^ "^^"^'^ and .sandwiched between tius"^ intermediate layers h a " 

9' ^ Sn^,^^T°"^^ 7 wherein the refractory metal is zirconium. 

met^'isTeStl Sd s'o^r' " ^^^"^ is'a" fSJ 

!finli2;nrf„.lr""'^ according to claim 1, wherein the layer of inorganic material is a 
senuconductor composed of a group V element reacted with a group m element 
65 11. A lammate according to claim 10. wherein the semiconductor material is aluminium ^5 
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arssnide. 

12. A laminate according to claim 10, wherein the semiconductor material is aluminium 

antimonide. 

13. A laminate according to claim 1, wherein the layer of inorganic material consists 
5 substantially of selenium. 

14. A laminate according to claim 1 , wherein the layer of inorganic material comprises a layer 
of glass. 

15. A laminate according to any of claims 1 to 14, wherein the difference between the 
coefficient of thermal expansion of the magnetically soft material and ihe coefficient of thermal 

10 expansion of the inorganic material is less than 500 parts per million. 

16. A laminate according to claim 14, wherein the glass includes a modifier to make its 
coefficient of thermal expansion substantially the same as the coefficient of thermal expansion of 
the magnetically soft material. 

17. A laminate according to claim 14, wherein the glass includes a modifier so that the 

15 difference between the coefficient of thermal expansion of the magnetically soft material and the 15 
coefficient of thermal expansion of the glass is less than 500 parts per million. 

18. A laminate according to claim 14 or 16, wherein the mean coefficient of thermal 
expansion of the magnetically soft material is between 12 x 10"'' inches per inch per degree C and 
150 X 10'"^ inches per inch per degree C; and the mean coefficient of thermal expansion of the 

20 glass is between 5.5 x 10"^ inches per inch per degree C and 150 x 10'*' inches per inch per 2O 
degree C. 

19. A laminate according to any preceding claim wherein the magnetically soft material is 
substantially fully annealed. 

20. A laminate according to claim I including at least one layer of highly conductive metal 

25 intermediate between adjacent layers of magnetically soft material; and wherein the layer of 25 
inorganic material is located between the layer of highly conductive intermediate metal and the 
layer of magnetically soft material adjacent to the layer of highly conductive intermediate metal so 
that the adjacent layer of magnetically soft material is adapted to shield magnetic fields and the 
highly conductive intermediate layer is adapted to shield electric fields, 

30 21 . A laminate according to claim 20, wherein the thickness of the layers of highly conductive 30 
intermediate metal is of the order of that of the layers of magnetically soft material. 

22. A laminate according to claim 20 or 21, wherein the layers of magnetically soft material 
and highly conductive intermediate metal are less than about 0.001 inches thick and the layer of 
electrically insulating intermetallic compound is no more than about one third as thick as the 

35 magnetically soft and the highly conductive layers. 35 

23. A laminated structure including a plurality of laminated magnetic sections in accordance 
with claim 1 and a shield section located between adjacent magnetic sections, said shield section 
comprising at least one layer of magnetically soft material, at least one layer of highly conductive 
metal, and a layer of an electrically insulative intermetallic compound between the layer of 

40 magnetically soft material in the shield section and the layer of highly conductive metal. 49 

24. A laminate according to claim 23, wherein an electromagnetic transducer circuit is coupled 
to each of the magnetic sections, the layer of magnetically soft material in the shield section 
shielding a given magnetic section from magnetic fields of another of the magnetic sections and the 
layer of highly conductive metal shielding the said given magnetic section from electric fields of 

45 another of the magnetic sections. 45 

25. A laminate according to any of claims 20 to 24, wherein the highly conductive metal is 
copper. 

26. A laminate according to any of the preceding claims, wherein the magnetically soft 
material comprises nickel, iron and molybdenum. 

50 27. A laminate according to claim 26, wherein the magnetically soft material consists 50 
essentially of 79% nickel, 16% iron and 4% molybdenum. 

28. A method of making a magnetic laminated material, comprising constructing a stack of 
layers of magnetically soft material alternating with layers of an inorganic material having a 
coefficient of thermal expansion substantially the same as the magnetically soft material and of a 

55 type which, when heated, will both bond to the magnetically "soft material and result in a 55 
continuous inorganic layer whose electrical resistivity is greater than about 10""* ohm cm, and 
heating the stack to result in a laminate comprised of layers of substantially stress-free 
magnetically soft material separated by and bonded to the inorganic material whose electrical 
resistivity is more than about lO""* ohm cm. 

60 29. A method according to claim 30, wherein said laminate is subjected to pressure during the 60 
heating step. 

30. A method according to claim 29, wherein the application of heat and pressure causes the 
inorganic material to react with the magnetically soft material to form an electrically insulating 
intermetallic compound adjacent to ihe magnetically soft material. 
65 31 . A method according to claims 28, 29 or 30, wherein the heating step includes heating to at 65 
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least the annealing temperature of the magnetically soft material 

fo™;»HifftfJi!nl«T'^?^u° °^ "^'^^ 2^ ^° 31, wherein the layer of inorganic material 
fonns a diffusion bond With the magneUcally soft material 

• i^' according to any of claims 28 to 31, including the step of adding a layer of 

5 intermediate metal bebveen the layer of magnetically soft material and the layer of inomar^c 5 

^l^^r^Zt Z^'^"^ ^'"'^ '^^^-^^ n'^t'=™l are bonded Ke 

mtermediate metal dunng the bonding step. 

K It ^ 'T^^'Jo'i. according to any of claims 28 to 31, including the step of adding a layer of 
higWy conductive intennediate metal conUguous with the layer of inorganic material Diior to the 

InLZu^' "^'^ 'T' °f ^°^eanic material is located 'between a kyer of magneSy sS? 10 
material and highly conductive intermediate metal 

th^^^^J^fS,?'' according to claim 28, including the step of heat treating the laminate to anneal 
the magnet cally soft matenal and create an intermetallic electrically insulating compound located 
between adjacent magnetically soft layers. compouna locaiea 

15 36. A method according to daim 28, wherein the inorganic material is glass is 
vol,«i. tUl^t^"^'^"^ ^1"^^ ^f' ^^'^^^'^ e^^^ ^ particulate form suspended in a 

20 the'Le^rpe^'^tS^.^^^^^^^ 

atmosphtre""^^"'^ according to claim 38, wherein the annealing step occurs in an oxygen free 
.Jlv •^^f^tJio'^^ according to daim 38 or 39. wherein after the laminate is heated to the 

25 TtS mIgSXoA ttS"^ ' "^'^ ^-P^-^- 

into'lhetno^:2;°c'mSt''Sff^^^^^^^ '° ""'^ °' ^ 

REDDIE& GROSE, 
Agents for the Applicant 
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